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Let 9 be a domain in the 3-dimensional Euclidean space E, and let B’ be 
its boundary. Consider the initial-boundary value problem for the wave 
equation 
Lyau - IAt* = 0, XE9, t > 0, (1) 
u(x, t) = 0, XE9, t >o. (3) 
where x = (x1 , xs , xs) and f and g are functions defined in 9. It is well 
known that if 9 = E, and the initial data f and g have compact support then 
at each point x the solution U(X, t) is zero after a finite time. 
Morawetz [l] showed that if 9 is the exterior of a smooth bounded star- 
shaped body and the initial data have compact support then u at each fixed 
point decays at least as fast as t-l. Zachmanoglou [2] showed that the result 
of Morametz is true even when the boundary a extends to infinity and the 
initial data do not have compact support but they satisfy certain conditions at 
infinity. 
Lax and Phillips [3] showed that if S@ is the region exterior to a finite 
number of finite bodies then at each point u goes to zero. They showed that 
this is also true when the Dirichlet boundary condition (3) is replaced by the 
Newmann boundary condition 
; (x, t) = 0 XEB, t > 0. (4) 
Lax, Morawetz, and Phillips [4] combined the result of Morawetz with the 
methods of Lax and Phillips to show that u at each point decays exponentially 
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when 9 is the region exterior to a bounded smooth star shaped body and the 
initial data have compact support. It is the purpose of this note to show that 
this result is not generally true when the boundary 8 extends to infinity and 
has a corner, even though the complement of 9 is star-shaped. 
Let 9 be a domain bounded by two planes intersecting at an angle cy. 
When 01 = n/k, k = 1, 2, “‘, the solution of the initial-boundary value 
problem (with either of the boundary conditions (3) or (4)) is easily obtained 
using the reflection principle. It is the sum of the direct wave and 2k ~- 1 
reflections. If  the supports of the initial datafandg are contained in a sphere 
with center at the origin x = 0 (located on the line of intersection of the 
two planes) and radius R, then at each point X, U(X, t) = 0 when t > j x 1 + R. 
When 01 # r/k the solution is more complicated. 
Let p, 4, z be cylindrical coordinates with the z-axis coinciding with the 
line of intersection of the two planes, one plane at C$ = 0 and the other at 
C# = CY. The following solution of the initial-boundary value problem (I), (2), 
(3), or (4) withf = 0 was derived from the solution of the “pulse” problem 
obtained by Oberhettinger [5]: 
+, t) = & j 2 S(t - R,-)g(x’) dZ” 
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where p, $J, x (p’, 4’, x’) are the cylindrical coordinates of the point x (x’); 
8(t) is the Dirac a-function; H(t) is the Heaviside unit function (= 0 if 
t < 0 and = 1 if t 3 0); 
R- = [p2 + pf2 + (.z - .z’y - 2pp’ cos (+ - 4’ + 2an)ly 
R m + = [P” + P’~ + (z - z’>2 - 2pp’ cos (4 + 4’ + 203+/2; 
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where [t] = largest integer less than or equal to t; 
2pp’ cash /3 = t2 - P2 - pQ - (x - x’)~; 
F(a, 0,8) = 
sin [c (77 - B)] 
cash (+p) - cos [+(v -8)] 
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(6) 
sin [+ (IT + O)] 
+cosh(;B)-cos[c(n+8)] ’ 
The top sign (-) corresponds to the boundary condition (3) while the bottom 
sign (+-) corresponds to the boundary condition (4). 
As an illustration we write out the solution (5) when 01 = 2rr/3: 
4% 9 = & j, w - [p” + p’” + ( z - z’)Z - 2pp’ cos ($I - qY)]l’2} g(d) dV 
-t & jp vt - [p” + pf2 + ( z - 2’)” - 2pp’ cos (4 - $’ + 4?7/3)]““} 
x H($’ - 4 - r/3)g(x’) dV’ 
-+- -& J, 8{t - [p” + p’” + (z - 2’)2 - 2pp’ cos (4 - 4’ - 4?7/3)]““} 
x H@ - $’ - a/3) g(d) dV’ 
'f & j, w - [P" + p’2 + (x - 2’)2 - 2pp’ cos (4 + $J’)]1’2} 
x H(?r - + - f)g(x’) dV 
'f & j, vt - [P2 + p’2 + (z - 2’)2 - 2pp’ cos (4 + f$’ - 4?7/3)]““) 
x H($ + 4’ - r/3)g(x’) dV 
cosh(3/?/2) cos K%) (4 - $‘)I 
9 pp’ sinh /I cosh2 (3/?,/2) - sins [($) (4 - +‘)I 
cos KB (4 + #)I 
” cosh2 (38/2) - sin2 [(8) (4 + #>I 1 
x H[t2 - (p + p’)” - (z - 2’)2] g(d) dV’. 
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Or, for $ < 743, 
cash (3/3/2) 
1 
cm @) (4 - d’)l 
n pp’ sinh fl cosha (3/I/2) - sin2 [(#) (4 - +‘)I 
cos [U) (4 + #>I 
’ cosh2 (3/I/2) - sin2 [(#) (4 + +‘)I 
where S,-, So+, ST, , Sz, are parts of surfaces of spheres of radius t: 
S,- : center at P,- (= x); between planes 4’ = 0 and 4’ = 2~r/3 
S,+ : center at PO+, y  s mmetric to P,,- with respect to plane $ = 0; between 
planes 4’ = 0 and 4’ = 2~13 
21 : center at P+ -r , symmetric to PO- with respect to plane 4 = 2~/3; be- 
tween planes +’ = 3r/3 - + and 4’ = 2a/3 
ST1 : center at P- +r , symmetric to PO+ with respect to plane 4 = 2rr/3; 
between planes 4’ = a/3 + 4 and 4’ = 2~13. 
B is the volume of revolution 
t2 - (p + p’)” - (TX - 2’)2 < 0. 
The terms in the first and second line of Eq. (5) represent the direct and 
reflected waves while the third line represents the diffracted wave. We assume 
from now on that g has compact support. Then it is easily seen that at each 
point x the direct and reflected waves are zero after a finite time. When 
a = V/R, then F(n/k, 8, ,6?) = 0 so that there is no diffracted wave. When 
01 # v/k the diffracted wave is generally present and we will show that at 
each point it may decay like a negative power of t depending on the angle 0~. 
In particular, let 01 = 2n/(2k + 1). Then for fixed x and sufficiently large t 
u(p, 4, z, t) = (- l)k+l2* j ~0s [(k + 8) (4 - +‘)I 
9 cosh2 [(k + 4) /3] - sin2 [(k + 4) (4 -- $‘)I 
co& Kk + ih) (4 + 4’11 
T cosh2 [(k + 4) B] - sin2 [(k + &) (4 + +‘)I 1 
cash W + id 41 g(x,) dV 
pp’ sinh /3 
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For the case of the boundary condition (3) let C$ = a/2 = 77/(2K + l), 
4’ = or/2 +$‘I. Then 
4J 7 42,~, t> 
=(- 1)"'E&L j ~0s [(k + 4) #‘I cd Nk + $1 PI d4 &,7’* 
9 coshs [(k + +) 81 - sin2 [(K + 4) 4”] pp’ sinh j3 
(7) 
In view of Eq. (6) it follows easily that in general u(p, or/2, z, t) decays like 
t-(%+3). 
FIG. 1 
For the case of the boundary condition (4) let 4 = 0. Then u(p, 0, a, t) is 
given by the right hand side of Eq. (7) with 4” replaced by 4’. Hence in 
general u(p, 0, z, t) decays like t-(2k+3). 
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